Energy harvesting refers to converting ambient energy from our surroundings, which would be otherwise wasted, into useful electrical energy. A triboelectric energy harvester is a self-charged device for harnessing mechanical energy based on a coupled process of contact charging and electrostatic induction. In this research, we demonstrate simple fabrication of prototype triboelectric energy harvester using soft lithography and its electrical characterization. Triboelectric generation occurs between the two micro patterned layers of Au and PDMS. A micro pattern is simply replicated directly from the bottom layer to the top layer using soft-lithography without an extra transfer process. This generator can produce an output voltage of 2 V and output current of 20 nA.
I. Introduction
Energy harvesting devices have been studied for a decade for self-powered systems which can be applied on wireless sensor network, implanted biomedical applications, and portable electric devices [1, 2] . Self-powered systems using various energy harvesting methods are developed in order to replace batteries or to make a hybrid charging system. Batteries have major drawbacks including its size and life expectancy, and they also pose environmental issues. As an alternative to battery, energy harvesting came up as a solution. The idea of harnessing energy from our environment is based on the sustainable, semi-permanent, maintenance-free, and ecofriendly living. Also, unlike batteries, an energy harvester does not require much space to store energy. Therefore, energy harvesting provides a better source of power for small, portable, and wireless devices.
Among various ways of harvesting energy from our surroundings [3] , such as piezoelectricity, thermoelectricity, and pyroelectricity, we have chosen triboelectricity due to its potential to be miniaturized, cost effective, and efficient [4, 5] . A triboelectric effect occurs as two different materials with different polarities of charge separation come into contact through friction [6, 7] . The materials are separated to become electrically charged, and thus electric potential difference is achieved [8] [9] [10] . A series of recent researches have shown promising results indicating In this research, we fabricated triboelectric nanogenerators using Al and PDMS through a simple process using soft-lithography [11, 12] , and measured the output results of each harvester. square array pattern is shown in Fig. 2 .
II. Experiments

Top layer
For making top layer, we deposited 80 nm thick Pt layer on the pre-cleaned Kapton film using DCsputter tool using the same condition described previously.
PDMS (Sylgard 184, Dow corning) was spin coated with 1,000 rpm on the top surface of the bottom layer, after de-gassing in a vacuum desiccator for 30 min.
The thickness of PDMS layer is around 100 nm. We attached the bottom of the top layer on PDMS gently, before it is cured. Then, PDMS is thermally cured at 85 o C for 2 hour in a Box furnace (DaeHeung). After peeling off the PDMS from the bottom layer, we can achieve the negatively replicated micro structure of square pillar arrays on the bottom-facing portion of the top layer. The morphology of the negative patterns fabricated on PDMS is shown in Fig. 3 .
Spacer is made up of several layers of Kapton tapes to allow the top and bottom layers to spring back to original position after contact. The total gap between bottom and top layer is 700 um.
Characterization
The output voltage and current are measured by a pico ammeter (Keithley 6485) and a nano voltmater layer on micro pillar arrays gets positively charged while PDMS layer gets negatively charged, so that they form a triboelectric potential layer [4] .
III. Results and Discussions
Top and bottom sides of the triboelectric energy harvester are made up of the flexible substrate, a polyimide film to provide flexibility and robustness with a total thickness under 1 mm. The device is sufficiently flexible to be applied on human motion such as, walking, finger typing, and upper limb [1] .
The size of the energy harvester is 1.02×0.77 cm.
In order to measure the electrical performance of the energy harvester, we applied a pressure using finger typing [14] . As shown in Fig. 4 These micro patterns are the key components of the triboelectric generator. We replicated micro patterns directly from bottom layer to top layer with a single step using soft-lithography.
IV. Conclusion
We demonstrate a simple and cost effective fab-rication of a triboelectric nanogenerator which can generate electric energy from the surrounding mechanical vibrations. We replicate micro patterns directly from bottom layer to top layer by soft-lithography using PDMS and reduce the process steps to make micro patterns on the bottom and the top layer.
This method can further be applied onto the R2R process directly. Patterned square pillar arrays can easily be replicated on flexible substrates with UVcuring resin using roll-to-roll UV micro-imprinting using PDMS stamp made by soft-lithography.
The electrical performance of energy harvesters proves the basic concept and can further be improved using surface structures of nano-roughness [15] and multi stacking the energy harvesters [16] . Since the soft lithography and roll-to-roll imprinting are capable of providing required resolution in nanoscale, we believe that the fabrication concept used herein can be used to improve the electrical output further.
We expect that the development of cost effective fabrication method for triboelectric energy harvester can open up a new market for self-sustainable electronics. The triboelectric energy harvester can be applied to various applications such as a self-powered active sensor [17] , a mobile device, and a low power reflective display, just to name a few.
